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1
FLUIDIC CHIP

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of and claims priority to
U.S. application Ser. No. 15/727,588, filed on Oct. 7, 2017,
entitled “FLUIDIC CHIP,” by Lye Hock SIM, which 1s a
continuation of and claims priority to International Appli-
cation PCT/SG2016/050171, filed on Apr. 7, 2016 and
entitled “FLUIDIC CHIP,” by Lye Hock SIM, which 1s a
continuation-n-part of and claims priority to International
Application PCT/S5G2015/050062, filed on Apr. 7, 2015 and
entitled “A DC HEATER”, by Lye Hock SIM, all of which
are incorporated herein by reference in their entirety for all
purposes.

FIELD OF THE INVENTION

This invention relates to a tluidic chip, and 1n particular,
to a flumadic chip for storage and testing of biological fluids
therein.

BACKGROUND OF THE INVENTION

PCR 1s a commonly used method to make multiple copies
of a DNA sequence for various applications such as DNA
cloning for sequencing, diagnosing disease, 1dentilying indi-
viduals from DNA samples, and performing functional
analyses of genes. In PCR, replication of the DNA sequence
takes place 1in multiple thermal cycles, with each cycle
typically having three main steps: denaturation, annealing
and extension. In the denaturation step, a double-stranded
DNA template 1s heated to about 94-98° C. for 20-30
seconds to yield single-stranded DNA. In the annealing step,
primers are annealed to the single-stranded DNA by lower-
ing the temperature to about 50-65° C. for 20-40 seconds. In
the extension step, using a DNA polymerase (such as Taq),
a new double-stranded DNA 1s synthesized by extending the
primer that has been annealed to the single-stranded DNA at
an optimum activity temperature of the DNA polymerase
(75-80° C. for Taq). Appreciably, replication of the DNA 1s
exponential as the new double-stranded DNA formed 1n a
cycle undergoes denaturation, annealing and extension 1n
the next cycle, such that each cycle effectively doubles the
number of DNA sequences obtained. In addition to the three
main steps mentioned above, an iitialization step may be
required 11 the DNA polymerase used 1s heat activated, and
the final extension step of the last cycle may be held for a
longer period of time (e.g. 5-15 minutes) to ensure that there
are no remaining single-stranded DNA fragments.

Thus, any device for performing the PCR needs to be able
to perform the repeated thermal cycles 1n order for the steps
ol denaturation, annealing and extension to take place. This
involves heating and cooling the reaction to the required
temperatures and holding the required temperatures for the
necessary lengths of time. Given that temperatures go up to
nearly 100° C., existing microfluidic or lab-on-chip PCR
devices typically require an external thermal cycler to sup-
ply the necessary heat, thereby limiting their true portability
and size during use.

Conventional PCR thermal cyclers are typically config-
ured to heat DNA samples contained 1n polypropylene PCR
tubes that have a cylindrical body with a top opening and a
taped bottom. The PCR tubes fit into holes provided in the
PCR thermal cyclers and are subjected to the heat cycles
provided by the PCR thermal cyclers 1n order to multiply the
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DNA sample contained 1n the PCR tubes. Subsequently, the
multiplied DNA are removed from the PCR tubes 1n order

for tests to be performed on the multiplied DNA. Thus, 1t
will be appreciated that tests involving the use of DNA
currently involve multiple stages. These stages include at
least sample collection and storage, placing the sample 1n
PCR tubes, placing the PCR tubes into PCR thermal cyclers
and performing the PCR, removing the multiplied DNA
from the PCR tubes and performing tests using the multi-
plied DNA. It 1s therefore desirable to reduce the number of
steps needed for performing tests using DNA 1n order to
minimize errors arising ifrom human handling of the samples
at various stages of the process.

SUMMARY OF INVENTION

According to a first aspect, there 1s provided a fluidic chip
comprising: a sealing layer having an upper surface and a
lower surface; and a formed part comprising a generally
planar body having a lower surface sealed with the upper
surface of the sealing layer, the generally planar body having
a number of through holes and a number of wells 1 fluid
communication with the number of through holes, wherein
together with the upper surface of the sealing layer, the
number of through holes and the number of wells respec-
tively define a number of fluid inlets and a number of fluid
chambers 1n flud connection with each other 1n the fluidic
chip.

The lower surface of the sealing layer may be electrically
non-conductive and provided with a dc heater having a
discrete heating arca made of a heat conductive material
disposed on the lower surface of the sealing layer and a
conductive trace configured to be supplied with a dc voltage
and to heat the discrete heating area to a uniform tempera-
ture when supplied with the dc voltage, the conductive trace
disposed 1n an undulating configuration on the lower surface
of the sealing layer at least partially around the discrete
heating area, the discrete heating area configured to be
adjacent at least one of the number of fluid chambers.

The at least one of the number of fluid chambers adjacent
the discrete heating area may be configured to allow PCR to
be performed therein.

The fluidic chip may further comprise at least one lateral
test strip provided beneath the sealing layer, the at least one
lateral test strip having a sample pad configured to receive
fluid contained 1n the fluidic chip.

The sealing layer may be pliable and fluid-prootf.
The number of through holes and the number of wells
may be integral with the generally planar body.

The generally planar body may fturther comprise a number
of grooves formed on the lower surface of the generally
planar body, wherein together with the upper surface of the
sealing layer, the number of grooves define a number of
channels 1n flud connection with the number of fluid inlets
and the number of fluid chambers 1n the fluidic chip.

According to a second aspect, there 1s provided a PCR kat
comprising: the tluidic chip of the first aspect and a con-
troller cassette configured to provide and control the dc
voltage supplied to the dc heater, the controller cassette
having conductive contact points configured to form an
clectrical contact with terminals of the conductive trace of
the dc heater of the fluidic chip, the controller cassette
configured to be powered by at least one of: a battery, a
power bank and drawing power from a portable computing
device.

The controller cassette may be configured to be connected
to the portable computing device to allow the controller
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cassette to be programmed to generate desired voltage
cycles of the dc voltage for providing desired thermal
cycling configurations to the flmdic chip.

The controller cassette may be configured to receive the
fluidic chip thereon for the conductive contact points to
come 1nto contact with the terminals of the conductive trace
of the dc heater.

According to a third aspect, there 1s provided a formed
part for forming a fluidic chip, the formed part comprising;:
a generally planar body having a number of through holes
and a number of wells 1n fluild communication with the
number of through holes, a lower surface of the generally
planar body configured to be sealed with an upper surface of
a sealing layer of the fluidic chip, wherein together with the
upper surface of the sealing layer, the number of through
holes and the number of wells respectively define a number
of fluid inlets and a number of fluid chambers 1n fluid
connection with each other 1n the fluidic chip when the lower
surface of the planar body 1s sealed with the upper surface
of the sealing layer.

At least one of the number of through holes may be
encircled by an ilet wall projecting outwardly from an
upper surface of the generally planar body.

At least one of the number of through holes may be
surrounded by a shallow depression formed into an upper
surface of the generally planar body.

The number of through holes and the number of wells
may be integral with the generally planar body.

The formed part may further comprise a number of
grooves Tormed on the lower surface of the generally planar
body, wherein together with the upper surface of the sealing
layer, the number of grooves define a number of channels 1n
fluid connection with the number of fluid inlets and the
number of fluid chambers 1n the fluidic chip when the lower
surface of the planar body 1s sealed with the upper surface
of the sealing layer.

BRIEF DESCRIPTION OF FIGURES

In order that the invention may be fully understood and
readily put 1nto practical etiect there shall now be described
by way of non-limitative example only exemplary embodi-
ments of the present invention, the description being with
reference to the accompanying illustrative drawings.

FIG. 1A 1s a top perspective view of a first exemplary
fluidic chip having resealable fluid 1nlets.

FIG. 1B 1s a bottom perspective view of a formed part of
the first exemplary fluidic chip of FIG. 1A.

FIG. 2A 15 a top perspective view of a second exemplary
fluadic chip.

FIG. 2B 1s a bottom perspective view of a formed part of
the fluidic chip of FIG. 2A.

FIG. 3A 1s a schematic top view of a third exemplary
fluidic chip having resealable fluid inlets.

FIG. 3B 1s a schematic bottom view of the fluidic chip of
FIG. 3A (cap connecting strips not shown).

FIG. 4A 1s a schematic top view of a fourth exemplary
fluidic chip having resealable fluid inlets.

FI1G. 4B 1s a schematic bottom view of the formed part of
the fourth exemplary fluidic chip of FIG. 4A.

FI1G. 4C 15 a schematic bottom view of the fluidic chip of
FIG. 4A (inlet caps and cap connecting strips not shown)

FI1G. 5 1s a photograph showing different embodiments of
tformed parts for different embodiments of the fluidic chip.

FIG. 6A 1s a photograph of a prototype of a controller
cassette 1n a closed position for use with the fluidic chip to
perform PCR 1n the flmdic chip.
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FIG. 6B 1s a photograph of the prototype of the controller
cassette of FIG. 6A 1n an open position.

FIG. 6C 1s a photograph of the prototype of the controller

cassette of FIG. 6A 1n an open position having the tfluidic
chip of FIGS. 4A and 4B placed thereon.

DETAILED DESCRIPTION

Exemplary embodiments of a fluidic chip 10 and 1ts
various applications will be described below with reference
to FIGS. 1 to 6C. The same reference numerals are used
throughout the figures to denote the same or similar parts.

For all embodiments, the fluidic chip 10 comprises a
formed part 20 comprising a generally planar body 29
having an upper surface 21 and a lower surface 22 (as shown
in FIGS. 1A to 2B and FIGS. 4q and 4B), and a fluid-proof
sealing layer 70 having an upper surface (hidden) sealed
with the lower surface 22 of the planar body 29 (as shown
in FIGS. 3B and 4C).

The formed part 20 1s made of a biologically inert,
fluid-prootf matenial (e.g. polypropylene, as shown in FIG. 3)
that 1s suitable for storing biological fluids therein, such as
blood. The formed part 20 1s made via conventional forming
methods such as vacuum forming, plastics injection mould-
ing and the like. The formed part 20 comprises a number of
features including one or more through holes 30 to serve as
fluid inlets 32, one or more wells 40, and one or more
grooves 30 configured to provide flmd communication
between the through holes 30 and the wells 40. In this way,
when the formed part 20 1s sealed with the sealing layer 70,
the flumidic chip 10 will comprise a corresponding number of
fluid 1nlets 32, fluid chambers 42 and channels 52 that are in
fluid communication with each other, as will be described 1n
greater detail below. The upper surface of the sealing layer
70 1s made of a pliable, fluid-proof, biologically 1inert
material. The sealing layer 70 may comprise one or more
pliable layers or structures. The lower surface 22 of the
planar body 29 and the upper surface of the sealing layer 70
are configured to be jomed together by means such as
adhesive bonding, molecular bonding, and ultrasonic bond-
ing to form a fluid-proot seal therebetween.

Each fluid inlet 32 of the fluidic chip 10 comprises a
through hole 30 provided 1n the planar body 29 to allow fluid
to be placed in the fluidic chip 10. In some embodiments, as
shown 1n FIG. 2B, the through hole 30 of each fluid mlet 32
may be surrounded by a shallow depression 33 formed 1nto
the upper surface 21 of the planar body 29—for example, the
planar body 29 may be 0.5 mm thick and the shallow
depression 33 may have a depth of 0.1 mm formed into the
upper surface 21 of the planar body 29. In other embodi-
ments, as shown 1in FIGS. 1A, 1B, 3A, 4A, and 4B, the
through hole 30 of each fluid inlet 32 may be encircled by
an 1nlet wall 31 projecting outwardly from the upper surface
21 of the planar body 29. For each fluid inlet 32, an inlet cap
39 may be provided and configured to releasably seal the
fluid 1nlet 32 to prevent tluid from leaving the fluidic chip 10
when the fluid ilet 32 1s closed by the 1nlet cap 39. The inlet
cap 39 and the inlet wall 31 are preferably configured to
engage each other via an interference fit. The inlet cap 39 1s
turther preferably configured to be connected to the planar
body 29 via a cap connecting strip 38 so that the inlet cap 39
may not be lost by separation from the formed part 20. The
inlet cap 39, the cap connecting strip 38 and the inlet wall
31 are preferably integral with the planar body 29. As shown
in FIGS. 1A, 1B, 3A, 4A, and 4B, the cap connecting strip
38 may be coplanar with the generally planar body 29 when
the 1nlet 39 1s not closing 1ts corresponding fluid inlet 32.
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Each fluid chamber 42 of the fluidic chip 10 1s configured
for storing a fluid therein. Depending on the application of
use of the fluidic chip 10, the fluid chamber 42 may also be
configured to store therein a solid or semi-solid such as
biological tissue. Each fluid chamber 42 1s a space defined
by a well 40 provided 1n the formed part 20. In some
embodiments, as shown 1 FIG. 2A, the wells 40 may each
comprise a depression or space formed into the maternal or
thickness of the planar body 29—for example, the planar
body 29 may be 0.5 mm thick and the well 40 may be a space
having a depth of 0.1 mm formed into the lower surface 22
of the planar body 29. In other embodiments, as shown 1n
FIGS. 1A, 1B, 3A, 4A, and 4B, the wells 40 may each
comprise a well bottom 44 that 1s connected to and spaced
apart from the upper surface 21 of the planar body 29 by a
well wall 46 encircling the well bottom 44. For all embodi-
ments, each well 40 1s preferably integral with the planar
body 29. The well 40 and the upper surface of the sealing
layer 70 together define the fluid chamber 42 when the lower
surface 22 of the formed part 20 1s sealed with the sealing
layer 70.

For all embodiments, each channel 52 of the flmdic chip
10 1s partially defined by a groove 50 formed 1n the material
of the planar body 29. Each groove 52 1s formed 1n the lower
surface 22 of the planar body 29 such that the upper surface
of the sealing layer 70 and a groove 52 together define a
channel 52 when the formed part 20 1s sealed with the
sealing layer 70. The channels 52 provide fluid connection
between various 1inlets 32 and flmmd chambers 42 of the
fluidic chip 10 as may be desired.

By configuring the formed part 20 to have various num-
bers and configurations of the fluid inlet 32, the 1nlet cap 39,
the well 40 and the groove 50 as described above, when the
lower surface 22 of the planar body 29 1s sealed with the
sealing layer 70, different configurations of the fluidic chip
10 having various numbers and configurations of the fluid
inlet 32, the inlet cap 39, the fluid chamber 42 and the
channel 52 may be obtained. In this way, 1 addition to
providing a function of fluid storage, the fluidic chip 10 may
be configured to allow specific reactions and tests to be
performed using the fluidic chip 10 by configuring the
tormed part 20 and the sealing layer 70 of the flmidic chip 10
appropriately as desired, as will be described 1n greater
detail below with.

FIG. 1A shows a first exemplary embodiment of a fluidic
chip 10 with resealable fluid inlets 32. A bottom view of a
tormed part 20 of this fluidic chip 10 1s shown in FIG. 1B.
The formed part 20 comprises a well 40 connected between
a first and a second through hole 30-1, 30-2 via a first and
a second groove 50-1, 30-2 respectively formed into the
lower surface 22 of the planar body 29. Each through hole
30-1, 30-2 1s provided with 1ts respective inlet cap 39-1,
39-2. The well 40 comprises a well bottom 44 encircled by
well walls 46. When the lower surface 22 of the formed part
20 1s sealed by the sealing layer (not visible 1n FIG. 1A) of
the fluidic chip 10, the fluidic chip 10 will have a first fluid
chamber 42 1n fluid communication with first and second
fluid 1nlets 32-1, 32-2 via a first channel 52-1 and a second
channel 52-2 respectively.

FIG. 2A shows a second exemplary embodiment of the
fluidic chip 10. A bottom view of a formed part 20 of this
fluidic chip 10 1s shown 1 FIG. 2B. The formed part 20
comprises two wells 40 connected between a first and a
second through hole 30-1, 30-2 via a first and a second
groove 50-1, 50-2 respectively, and interconnected by an
intermediate groove 50-M. The grooves 50-1, 50-2, 50-3 are
formed into the lower surface 22 of the planar body 29.
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When the lower surface 22 of the formed part 20 1s sealed
by the sealing layer (not visible in FIG. 2A) of the fluidic
chip 10, the fluidic chip 10 will have a first fluid chamber 1n
fluid communication with a first fluid inlet via a first channel
and a second fluid chamber 1n fluild communication with a
second fluid inlet via a second channel, the two fluid
chambers being 1n fluid communication with each other via
the third channel.

In the second exemplary embodiment, each through hole
30-1, 30-2 1s surrounded by a shallow depression 33 formed
into the upper surface 21 of the planar body 29 as shown 1n
FIG. 2A. The shallow depression 33 1s configured to accom-
modate a piece of sealing tape or its equivalent that may be
used to close the fluid inlet 32-1 or 32-2 after a fluid has been
introduced into the fluidic chip 10 via the fluid inlet 32-1 or
32-2. Providing the shallow depression 33 allows an upper
surface of the sealing tape or 1ts equivalent to be flush with
the upper surface 21 of the planar body 29 so that the upper
surface 21 remains level even after the fluid inlets 32-1, 32-2
have been closed with sealing tape or its equivalent.

A third exemplary embodiment of the fluidic chip 10 as
shown in FIGS. 3A and 3B may be configured to allow PCR
to be carried out 1n the first fluid chamber 42 by providing
on the sealing layer 70 a dc heater 100 as described in PCT
application number PCT/SG2015/052062 and as shown 1n
FIG. 3B. A discrete heating area 120 of the dc heater 100 1s
provided on a lower surtace 72 of the sealing layer 70
adjacent the first fluid chamber 42. A conductive trace 142
of the dc heater 100 1s disposed on the lower surface 72 of
the sealing layer 70 in an undulating configuration 160 at
least partially around the discrete heating area 120. When
supplied with a dc voltage (described 1n greater detail
below), the conductive trace 142 heats the discrete heating
area 120 to a uniform desired temperature (e.g. 100° C. or
higher), thereby heating tfluid contained in the first fluid
chamber 142. By approprately controlling the dc voltage
supplied to the conductive trace 142, thermal cycling can be
ellected 1n the first fluid chamber 42 for PCR to take place
in a reaction mixture contained in the first fluid chamber 42.
As can be seen in FIG. 3A, the fluud chamber 42 of this
embodiment comprises a well having a curved well bottom,
unlike the flat well bottom 44 of the first embodiment as
shown 1n FIG. 1A.

FIGS. 4A and 4C show a fourth exemplary embodiment
of a fluidic chip 10 that allows PCR to take place 1n the first
three fluid chambers 42-1, 42-2, 42-3 (configured in the
same way as the third exemplary embodiment described
above with reference to FIGS. 3A and 3B) as well as to allow
turther tests to be performed on the PCR products. A bottom
view ol a formed part 20 of this fluidic chip 10 i1s shown 1n
FIG. 4B.

In the fourth exemplary embodiment, the formed part 20
as shown 1n F1G. 4B comprises first, second, third and fourth
through holes 30-1, 30-2, 30-3, 30-4 and four final through
holes 30-5 that respectively serve as first, second, third and
fourth fluid inlets 32-1, 32-2, 32-3, 32-4 and four final inlets
32-5 of the fluidic chip 10 respectively. The formed part 20
also comprises five wells 40-1, 40-2, 40-3, 40-4, 40-5 that
define five fluid chambers 42-1, 42-2, 42-3, 42-4, 42-5
respectively when the formed part 20 1s sealed with the
sealing layer 70. The formed part 20 further comprises six
grooves 30-1, 50-2, 50-3, 50-4, 50-5, 50-6 that define six
channels 52-1, 52-2, 52-3, 52-4, 52-5, 52-6, four final
grooves 50-7 that define four final channels 52-7, and two
intermediate grooves 50-M that define two intermediate
channels 52-M respectively when the formed part 20 1is
sealed with the sealing layer 70.
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The first fluid 1nlet 32-1 1s in fluid communication with
the first fluid chamber 42-1 via the first channel 52-1.

The first fluid chamber 42-1 1s 1in fluild communication
with the second fluid chamber 42-2 via one of the two
intermediate channels 52-M.

The second fluid chamber 42-2 1s 1n fluid communication
with the third fluid chamber 42-3 via the second intermedi-
ate channel 52-M.

The third fluid chamber 42-3 1s 1in fluid communication
with the second fluid inlet 32-2 via the second fluid channel
52-2.

The second fluid inlet 32-2 1s 1n fluid communication with
the third fluid inlet 32-3 via the third channel 52-3.

The third fluid inlet 32-3 1s also 1n fluild communication
with the fourth fluid chamber 42-4 via the fourth channel
52-4.

The fourth fluid chamber 42-4, via the fifth channel 52-5,
1s 1n fluid communication with a sixth channel 52-6 that 1s
formed as an undulating tlow path to serve as a mixer 52-6

for facilitating mixing therein.
The fourth fluid inlet 32-4 is provided along the fifth

channel 52-5.

The sixth channel or mixer 52-6 1s 1n fluid communication
with the fifth fluid chamber 42-5.

The fifth fluud chamber 42-5 1s 1n fluild communication
with the four final inlets 32-5 via the four final channels
52-7.

Each of the final inlets 32-5 may be configured to be in
fluid communication with each of four sample pads 85 of
four lateral flow tests 80 that may be provided beneath the
sealing layer 70 of the fluidic chip 10, as shown in FIG. 4C.
This may be achieved by providing an appropriate opening
or openings in the sealing layer 70 beneath the four final
inlets 32-5 to allow fluid 1n the fifth fluid chamber 42-5 to
flow onto each of the four sample pads 835 via each of the
four final channels 352-7 respectively. The four lateral test
strips 80 may each be configured to detect and/or quantity a
different target analyte 1n the fluid contained 1n the fifth fluid
chamber 42-5. All the inlets 32-1 to 32-5 may be provided
with respective inlet caps 39-1 to 39-5.

From the exemplary embodiments described above, 1t can
be seen that the fluidic chip 10 comprising the formed part
20 and sealing layer 70 can be configured to perform
different functions by appropnately configuring the formed
part 20 and the sealing layer 70 as may be desired. Where the
fluadic chip 10 1s intended to serve purely as a fluidic chip,
the sealing layer 70 may comprise a single pliable layer.
Where the flmdic chip 10 1s intended to function as an
integrated tluidic chip to perform PCR therein, the sealing
layer 70 may include a dc heater 100 formed thereon with
the formed part 20 configured to be adjacent one or more
wells 40 provided in the formed part 20. Additionally, the
fluidic chip 10 may be configured to allow the reaction
products from the PCR to be tested in the same fluidic chip
10 without having to transier the reaction products to a
different device, as described above with reference to FIGS.
4A to 4C. In this way, the fluidic chip 10 1s advantageous
over conventional PCR tubes and other fluid sample con-
tainers because the same fluidic chip 10 may be used for
storing, transporting and 1n situ testing of the fluid contained
therein, thereby avoiding any accidental spills, loss or con-
tamination of the fluid.

The first and third exemplary embodiments of the fluidic
chuip 10 may be about 2 cm wide by 3.5 cm long by 3 mm
thick. The fourth exemplary embodiment of the fluidic chip
10 may be about 4 cm wide by 5 cm long by 3 mm thick.
The second exemplary embodiment may be only 0.5 mm
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thick, having no well walls and no inlet walls. Appreciably,
the fluidic chip 10 may be of any desired size other than the
dimensions described above according to its desired appli-
cation or applications. With its generally planar form, the
fluidic chip 10 1s thus readily portable and space-saving
compared to currently available PCR tubes. Preferably, the
fluidic chip 10 1s configured for only one-time use, as a
disposable consumable item.

Where the fluidic chip 10 1s configured for PCR to be
performed therein, the fluidic chip 10 1s configured to be
used with a controller cassette 200 configured to provide and
control the dc voltage supplied to the dc heater 100 provided
on the lower surface 72 of the sealing layer 70 of the fluidic
chip 10, as shown 1n FIG. 5A. As shown 1n FIG. 6B, the
controller cassette 200 has conductive contact points 210
configured to form an electrical contact with terminals of the
conductive trace 142 of the dc heater 100. A voltage con-
trolled by circuitry 220 and software of the controller
cassette 200 1s supplied via the contact points 210 to the dc
heater 100 of the fluidic chip 10 that 1s placed on the
controller cassette 200. The circuitry 200 and software are
configured to apply the voltage in a manner suitable for
ellecting thermal cycling of the discrete heating area 120 of
the dc heater 100 of the fluidic chip 100 so that PCR can take
place 1n the fluid chamber 42 which 1s adjacent the discrete
heating area 120.

The controller cassette 200 1s configured to be battery
powered or to be powered by a power bank or to draw power
from a portable computing device such as a laptop, mobile
phone, tablet and the like (not shown). To that end, the
controller cassette 200 may be provided with a USB con-
nection 240 for connecting with the electronic device. In this
way, the controller cassette 200 1s also readily portable. In an
exemplary embodiment, the controller cassette 200 may be
5 ¢cm wide by 10 cm long by 2 cm thick.

Connection with a computing device also allows the
controller cassette 200 to be programmed to generate desired
voltage cycles for the dc voltage in order to provide the
desired thermal cycling configuration to the fluidic chip 10,
since different PCR reactions (e.g. qPCR, dPCR, PCR)
require diflerent thermal cycling configurations. In an exem-
plary embodiment, the controller cassette 200 1s provided
with one or more preset thermal cycles that may be selected
by a user depressing one or more buttons provided on the
controller cassette 200 such that the controller cassette 200
may be operated without connection to any computing
device. For example, a single button that 1s provided to turn
the controller cassette 200 on or off may also be configured
to be used to select preset cycles by the number of times in
succession or a length of time that the single button 1s
depressed. The controller cassette 200 1s preferably also
provided with a number of LED lights and wording or
symbols adjacent thereto for indicating to the user which
cycle or operating state the controller cassette 200 1s cur-
rently in. In one embodiment, a display screen such as an
LCD display may further be provided to display to the user
information such as temperature, cycle, operating state and
SO On.

Whilst there has been described 1n the foregoing descrip-
tion exemplary embodiments of the present invention, 1t will
be understood by those skilled 1n the technology concerned
that many variations in details of design, construction and/or
operation may be made without departing from the present
invention. For example, the various features of the different
embodiments of the fluidic chip may be combined difler-
ently to form a fluid chip having a different combination of
teatures than each of the specific embodiments described
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above. Although in the described embodiments and figures
the fluid chambers are configured to be 1n fluid connection
with the various fluid inlets via channels provided in the
fluidic chip, 1n other embodiments, a fluid chamber of the
fluidic chip may be 1n immediate fluid communication with
a fluid 1nlet without any channel therebetween. To that end,
a well of the formed part may be provided with 1ts own inlet.
Thus, the number of fluid 1nlets and wells 1in the formed part
may range from one to any desired quantity respectively, and
the number of grooves 1n the formed part may range from
zero to any desired quantity, so as to form at least one fluid
inlet and at least one fluid chamber 1n the fluidic chip when
the formed part 1s sealed with the sealing layer. Although
polypropylene has been mentioned as being a possible
maternal for the formed part, the formed part may be made
of any other suitable material such as polyethylene or
polycarbonate. While 1t has been described that the fluidic
chip may provided with lateral test flow strips as shown 1n
FIG. 4C, the fluidic chip may additionally or alternatively be
provided with other fluid analysis components that are
similarly configured to directly receive and test fluid within
the fluidic chip. Examples of other fluid analysis compo-
nents include chromatography paper, dipstick chemical
pads, among others. While the planar body of the formed
part has been depicted in the figures as having a generally
rectangular shape with rounded corners, the planar body
may be of any other shape as may be desired.

The 1invention claimed 1is:

1. A fluidic chip comprising:

a sealing layer having an upper surface and a lower
surface; and

a formed part comprising a planar body having a lower
surface sealed with the upper surface of the sealing
layer, the planar body having a number of through holes
and a number of wells 1n fluidd communication with the
number of through holes,

wherein together with the upper surface of the sealing
layer, the number of through holes and the number of
wells respectively define a number of fluid inlets and a
number of tfluid chambers in fluid connection with each
other 1n the fluidic chip;

wherein each of the number of wells comprises a well
bottom connected to and spaced apart from an upper
surface of the planar body by a well wall encircling the
well bottom so that the wells protrude from the planar
body, each of the number of wells being integral with
the planar body.

2. The fluidic chip of claim 1, wherein the lower surface

of the sealing layer 1s electrically non-conductive and pro-
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vided with a dc heater having a discrete heating area made
ol a heat conductive matenal disposed on the lower surface
ol the sealing layer and a conductive trace configured to be
supplied with a dc voltage and to heat the discrete heating
area to a uniform temperature when supplied with the dc
voltage, the conductive trace disposed in an undulating
configuration on the lower surface of the sealing layer at
least partially around the discrete heating area, the discrete
heating area configured to be adjacent at least one of the
number of fluid chambers.

3. The flmdic chip of claim 2, wherein the at least one of
the number of fluid chambers adjacent the discrete heating
area 1s configured to allow PCR to be performed therein.

4. The fluidic chip of claim 1, further comprising at least
one lateral test strip provided beneath the sealing layer, the
at least one lateral test strip having a sample pad configured
to receive tluid contained in the fluidic chip.

5. The fluadic chip of claim 1, wherein the sealing layer 1s
pliable and flmid-proof.

6. The fluidic chip of claim 1, wherein the number of
through holes are integral with the planar body.

7. The tfluidic chip of claim 1, wherein the planar body
further comprises a number of grooves formed on the lower
surface of the planar body, wherein together with the upper
surface of the sealing layer, the number of grooves define a
number of channels in fluid connection with the number of
fluid 1nlets and the number of fluid chambers 1n the fluidic
chip.

8. A PCR kit comprising:

the fluidic chip of claim 2; and

a controller cassette configured to provide and control the

dc voltage supplied to the dc heater, the controller
cassette having conductive contact points configured to
form an electrical contact with terminals of the con-
ductive trace of the dc heater, the controller cassette
configured to be powered by at least one of: a battery,
a power bank and drawing power from a portable
computing device.

9. The PCR kit of claim 8, wherein the controller cassette
1s configured to be connected to the portable computing
device to allow the controller cassette to be programmed to
generate desired voltage cycles of the dc voltage for pro-
viding desired thermal cycling configurations to the fluidic
chip.

10. The PCR kit of claim 8, wherein the controller cassette
1s configured to receive the fluidic chip thereon for the
conductive contact points to come into contact with the
terminals of the conductive trace of the dc heater.
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